Six motile Lactobacillus strains with meso-diaminopimelic acid in their cell walls were isolated from fermented cane molasses in Thailand and were compared with three strains labeled Lactobacillus mali (strains JCM 1116T [T = type strain], JCM 3821, and JCM 3822) and with a strain labeled Lactobacillus yamanashiensis (strain JCM 1 153T). Morphological, biochemical, and chemotaxonomic characteristics of these 10 strains were similar, and the levels of deoxyribonucleic acid-deoxyribonucleic acid homology among the strains revealed that they belong to a single species, Lactobacillus mali Carr and Davis 1970, which has precedence according to the International Code of Nomenclature of Bacteria. Nonomura et al. 1965 Nonomura et al. was published legitimately in 1965, but it was not included on the Approved Lists of Bacterial Names (23) (17) revived the names of the species and its subspecies L. yamanashiensis subsp. mali and L. yamanashiensis subsp. yamanashiensis, but included only a description of the species. No description of the subspecies was given. In 1986, Kandler and Weiss (12) adopted L . yamanashiensis as a species, without subspecies, instead of L . mali. Therefore, the nomenclature of L. mali and L . yamanashiensis has been confused.
The name Lactobacillus yamanashiensis Nonomura et al. 1965 was published legitimately in 1965 (19) , but it was not included on the Approved Lists of Bacterial Names (23) (17) revived the names of the species and its subspecies L. yamanashiensis subsp. mali and L. yamanashiensis subsp. yamanashiensis, but included only a description of the species. No description of the subspecies was given. In 1986, Kandler and Weiss (12) adopted L . yamanashiensis as a species, without subspecies, instead of L . mali. Therefore, the nomenclature of L. mali and L . yamanashiensis has been confused.
L . mali and L. yamanashiensis are clearly differentiated from all other named species of Lactobacillus by the low guanine-plus-cytosine (G + C) contents of their deoxyribonucleic acids (DNAs) (the lowest in the genus) (3), by the presence of menaquinones (7) , by the presence of mesodiaminopimelic acid (meso-DAP) in their cell walls (3), and by motility, as well as by other biochemical characteristics.
Until now, only one strain labeled L . 
MATERIALS AND METHODS
Bacterial strains. The strains which we used are listed in Table 1 . Six strains (
, and M71 [ = JCM 27751) were isolated from fermented cane molasses in Thailand. GAM agar (Gifu anaerobic medium; Nissui Co., Ltd., Tokyo, Japan) and GAM agar supplemented with 10% sucrose were used for isolation of the bacteria. GAM agar (pH 7.0) contains (per 1,000 ml of distilled water) 10 g of peptone, 10 g of proteose peptone, 3 g of soy peptone, 13.5 g of digested serum, 5 g of yeast extract, 2.2 g of meat extract, 1.2 g of liver extract, 3 g of dextrose, 2.5 g of disodium phosphate, 3 g of sodium chloride, 5 g of soluble starch, 0.3 g of L-cysteine hydrochloride, 0.3 g of sodium thioglycolate, and 15 g of agar. The plates were incubated in a GasPak anaerobic jar (BBL Microbiology Systems, Cockeysville, Md.) at 35°C for 2 days. Three strains of L . mali (strains JCM 1116= [T = type strain], JCM 3821, and JCM 3822) and one strain of L . yamanashiensis (strain JCM 1153T) were used as reference strains. Six strains of other Lactobacillus species which are similar to L . mali and L . yamanashiensis in having meso-DAP in their cell walls or are motile also were used for comparison in DNA-DNA hybridization experiments. These authentic strains were obtained from the Japan Collection of Microorganisms, RIKEN, Wako-shi, Saitama, Japan.
Morphological, biochemical, and physiological characteristics. Cell shape, size, and Gram staining (10) were determined on cultures grown anaerobically on MRS agar (8) at 35°C for 2 days. Motility was investigated by phase-contrast microscopy and by flagellum staining (20) of cells grown at 30°C for 18 h in MRS broth containing 0.05% D-glucose. Motility also was detected by diffusion in MRS agar containing 0.25% agar and 0.05% D-glucose after incubation for 2 days at 30°C.
Unless otherwise stated, biochemical tests were carried out at 35°C. LB medium of Mitsuoka (16) containing bromocresol purple as a pH indicator was used as the basal medium to determine acid production from carbohydrates. Carbon sources, which were sterilized separately by filtration, were added to the sterile basal medium at a final concentration of 1%. The color change was examined between 3 and 7 days. Production of acid from N-acetylglucosamine, arbutin, 5-ketogluconate, gentibiose, D-tagatose, and D-turanose was tested with an API 5OCHL kit (API System S. A,, Montalieu Vercieu, France) according to the instructions of the manufacturer. Production of gas from D-glucose was tested in Briggs liver broth (16) with a Durham tube. Production of gas from citrate, malate, and gluconate was tested in MRS broth supplemented with 0.5% D-glucose. Potassium salts of the acid substrates were added at final concentrations of 2%. The effect of temperature on growth was examined in Briggs liver broth during incubation for 7 days.
Production of acetoin, ammonia from L-arginine, catalase, hydrogen sulfide, indole, lecithinase, lipase, and urease, growth in 10% bile, 15 or 30% ethanol, 6% NaCl, and 0.005% sodium lauryl sulfate, reduction of nitrate, conversion of DL-threonine to propionate, utilization of lactate, hydrolysis of esculin, and production of volatile and nonvolatile fatty acids from D-glucose were examined by using the methods of Holdeman et al. (9) . Volatile and nonvolatile acids were analyzed with a model GC-7A gas chromatograph (Shimadzu Ltd., Kyoto, Japan) equipped with a hydrogen flame ionization detector and a column packed with FAL-M (Wako Pure Chemical Industries, Ltd., Osaka, Japan). The reaction in litmus milk (Difco Laboratories, Detroit, Mich.) was read after 7 days of incubation. The oxidation-fermentation test was carried out in OF basal medium (Difco) supplemented with 1% D-glucose and 0.5% yeast extract (Difco). An F-kit with L-lactate and D-lactate dehydrogenases (BoehringerMannheim, Yamanouchi, Ltd., Tokyo, Japan) was used to determine L-( +)-and D-( -)-lactic acids.
Meso-DAP in cell walls. Cell wall rneso-DAP was determined by the method of Becker et al. (l), using cells grown in MRS broth for 2 days.
Preparation of DNA. The strains were cultivated in Briggs liver broth (pH 6.9) (16) at 35°C. Cells in logarithmic phase were used for preparation of DNA by using the methods of Saito and Miura (21) . For the strains not sensitive to lysozyme, 4% glycine was added to the medium (24) .
DNA base composition. The DNA base composition was calculated from the melting temperature (15), which was obtained with a spectrophotometer (model DU-8; Beckman Instruments, Inc., Fullerton, Calif.). DNA from Escherichia coli K-12 was used as a reference (51.0 mol% G+C) (11) .
DNA relatedness. DNA-DNA hybridization experiments were performed at 63°C as previously described (13) . DNAs were labeled with Nick Translation System 3H-(New England Nuclear Corp., Boston, Mass.). All strains showed negative reactions for gas production from citrate, D-glucose, and malate; acid production from adonitol, L-arabinose, dulcitol, erythritol, glycerol, glycogen, inositol, 5-ketogluconate, a-methyl-D-mannoside, Dsorbitol, D-turanose, and D-xylose; gelatin liquefaction; growth in bile (lo%), ethanol (15 and 30%), and sodium lauryl sulfate (0.005%); litmus milk (acid, curd, digestion, or reduction of dye); nitrate reduction; oxidation of D-glucose; production of acetoin; ammonia production from L-arginine; production of hydrogen sulfide, indole, lecithinase, lipase, urease, or propionic acid from lactate; production of acetic, butyric, isobutyric, isovaleric, propionic, succinic, or valeric acid from D-glucose; and DL-threonine conversion to propionic acid. The characteristics tested in which there were differences among strains are shown in Table 2 .
RESULTS

Morphological
On the basis of these results the isolates were all regarded as members of the genus Lactobacillus (9, 12) . Their characteristics agreed well with those in the descriptions of L. mali and L . yarnanashiensis (2, 3, 12, 17 
DNA base composition. The G+C contents of the DNAs ranged from 32.0 to 33.7 mol% for the 10 strains (Table 2) .
DNA homologies. Table 1 shows the levels of relatedness among four 3H-labeled DNAs and 16 unlabeled DNAs from the strains tested. Reciprocal determinations gave essentially the same values (61 to 87%) in all of the possible combinations of the isolates and strains of L. mali and L.
yamanashiensis.
DISCUSSION
The nomenclature of L. mali and L. yamanashiensis is extremely complicated. L. yamanashiensis was first proposed and described legitimately by Nonomura et al. (19) in 1965 for a strain isolated from wine must and was redescribed in detail by Nonomura and Ohara (18) (14), and L. yamanashiensis had priority over L. mali. However, only L. mali was listed (as a species without subspecies) on the Approved Lists of Bacterial Names (23) in 1980.
In 1983 Nonomura (17) revived the names of the species and its subspecies, L. yamanashiensis subsp. mali and L. yamanashiensis subsp. yamanashiensis, in the title of his paper but gave only a description of the species and did not mention the subspecies in the text. Kandler and Weiss (12) adopted L. yamanashiensis as a species, without subspecies, in place of L. mali in Bergey's Manual of Systematic Bacteriology, vol. 2, in 1986. The view of these authors probably reflected the facts (i) that the names L. yamanashiensis subsp. mali and L. yamanashiensis subsp. yamanashiensis were published in the International Journal of Systematic Bacteriology (17) , but that did not establish priority over the name L. mali on the 1980 Approved Lists, (ii) that Carr et al. (3) showed 70 to 95% DNA-DNA homology among the strains of L. mali and L. yamanashiensis 239T, and (iii) that no description of subspecies was given by Nonomura (17) in his revival of L. yamanashiensis subsp. mali and L. yamanashiensis subsp. yamanashiensis.
Our results clearly showed that our isolates and the type strains of the two species, L. mali and L. yamanashiensis, are quite uniform in their biochemical and physiological characteristics. The only marked difference observed was that strain JCM 1153T did not produce catalase. Carr et al. (3) reported that 12 of 15 L . mali strains, including JCM llMiT, produced catalase. Therefore, this property can be regarded as an inconsistent attribute of the species. There was a high level of DNA relatedness between our six isolates and the strains of L. mali and L. yamanashiensis, whereas the type strains of other species with similar peptidoglycan types or motility or both showed low levels of DNA relatedness to the isolates (Table 1) Significant amounts of menaquinones, predominantly with eight and nine isoprene units (MK-8, MK-9), are found in L. mali and L. yamanashiensis (7) . All other lactobacilli studied so far lack both menaquinones and ubiquinones (6, 12) . L. mali and L. yamanashiensis are clearly distinguished from such motile and meso-DAP-containing lactobacilli (12) as Lactobacillus agilis, Lactobacillus plantarum subsp. mobilis (22) , Lactobacillus rogosae, and Lactobacillus ruminis by differences in growth at 15"C, anaerobic growth, DNA base composition, and other biochemical properties. They can also be distinguished from such meso-DAP-containing lactobacilli (12) as Lactobacillus divergens, Lactobacillus maltaromicus, Lactobacillus piscicola, Lactobacillus plantarum, Lactobacillus sharpeae, Lactobacillus vaccinostercus, and Lactobacillus vitulinus by differences in motility, stereoisomers of lactic acid produced, DNA base composition, and pattern of fermentation. L. divergens and L. piscicola were recently transferred to a new genus, Carnobacterium (5).
We believe that the publication of the name L. yamanashiensis in 1983 (17) was in error. Some legitimate bacterial species were overlooked on the 1980 Approved Lists (23). L. yamanashiensis was one of these species. Our data show that the single available L. yamanashiensis strain belongs to the same species as L. mali and that there are insufficient differences to justify recognition of two subspecies. The inclusion of L. mali on the Approved Lists (23), from which L. yamanashiensis was unfortunately omitted, clearly gives L. mali priority according to Rule 24a of the International Code of Nomenclature of Bacteria (14) . Therefore, we submit that the nomenclaturally correct name for these strains is L. mali.
L. mali is similar to members of the genus Bacillus with respect to catalase activity (4), motility (4), cell wall composition (4), quinone system (7), and DNA base composition (4). However, there is no evidence of spore formation by L. mali and no data showing DNA relatedness between the strains of L. mali and members of the genus Bacillus.
Description of Lactobacillus mali Carr and Davis 1970. The description of L . mali is as given in detail by Nonomura (17) . However, the description should be extended and emended as described below. Acid is produced from N-acetylglucosamine, amygdalin, arbutin, D-cellobiose, esculin, D-galactose, gentiobiose, inulin, D-mannitol, D-tagatose, and trehalose. No acid is produced from adonitol, dulcitol, erythritol, glycerol, glycogen, inositol, 5-ketogluconate, a-methy1-Dmannoside, or D-turanose. The following characteristics are negative: gas production from citrate; gelatin liquefaction; growth in ethanol (15 and 30%) and sodium lauryl sulfate (0.005%); oxidation of D-glucose; production of acetic, butyric, isobutyric, isovaleric, propionic, succinic, or valeric acid from D-glucose; production of hydrogen sulfide, indole, lecithinase, lipase, urease, or propionic acid from lactate; and DL-threonine conversion to propionic acid. The following characteristics are variable: acid production from lactose, D-maltose, melezitose, melibiose, a-methyl-D-glucoside, D-raffinose, L-rhamnose, ribose, and L-sorbose; catalase production; esculin hydrolysis; gas production from gluconate; and growth in 6% NaCl and at 45°C.
Source: wine must, fermenting cider, and fermented molasses.
The type strain is strain ATCC 27053 (= DSM 20444 = JCM 1116 = NCIB 10560). The G+C content of DNA from the type strain is 32.5 mol%, as determined by the thermal denaturation met hod.
